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ABSTRACT 


This is the second in a series of reports on the chemical 
quality of water resources in selected areas of investigation in New 
York State. It covers the period of April 1953 to September 1954. 
Data on the chemical' quality of the Allegheny River at Red House, 
Chemung River at Chemung, their tributaries, ground waters in those 
areas and selected surface waters in other areas of the Susquehanna 
River Basin are, presented in tabular and illustrated form. 
The Allegheny River at Red House has a drainage area of 
1,690 square miles spread over the northern part of Pennsylvania and 
southwestern part of New York. Throughout the period of study, chemi- 
cal quality of the Allegheny River and its tributaries reflected 
changes in discharge, chemical composition of the drainage area, and 
pollution. Sodium and calcium were the predominant cations and bicar- 
bonate the principal anion in solution. Lesser amounts of magnesi
, 
chloride, sulfate, fluoride, and nitrate were observed. Generally, 
on the basis of mineral content, water from the Allegheny River would 
be sui table for industrial and agricul tural uses. 
Chemung River at Chemung has a drainage area of 2,530 square 
miles. Formed by the confluence of Cohocton and Tioga Rivers, Chemung 
River flows only a short distance in New York, crosses into Pennsylvania 
and joins 
he Susquehanna River below Sayre, Pennsylvania. During the 
period of study, chemical quality of Chemung River and its tributaries 


IV 



was influenced by discharge and chemical composition of the drainage 
area. Calcium, magnesium and to a lesser extent sodium were the pre- 
dominant cations present in the water, together with equivalent 
concentrations of bicarbonate, sulfate, chloride, and other anions. 
However, on the basis of mineral content, water from the Chemung River 
would be suitable or could be made suitable, with treatment, for many 


uses. 


A limited number of chemical analyses are available of ground 
waters in the Allegheny and Chemung River basins. The data are not 
based on a comprehensive study of ground-water resources in the areas, 
but only represent the chemical quality of ground water already in use 
and that may be expected in the same areas. 
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Q B;EMICA1. QUALITY OF WATER RESOURCES 
IN THE 
ALLEGHENY R IVER AND CHEMUNG EIY ER BASINS 


by 
F. H. Pauszek 


INTRODUCTION 


Chemical quality is a measure of the utility of water for in- 
dustrial, agricultural, public water supply and recreational purposes. 
Some waters may be hard and are objectionable for domestic and industrial 
uses because of their soap-consuming properties, formation of precipi- 
tates, and scale deposition. If iron and manganese concentrations exceed 
about 0.3 part per million, discoloration and deposition will normally 
take place. Corrosiveness in water increases the cost of maintenance of 
utility lines. Excessive amounts of dissolved solids, alkalies, boron, 
bicarbonate, and chloride in water will make it unsuitable for irriga- 
tion. Fluoride in water has gained prominence in recent years because of 
its effect on dental health of children. Concentrations greater than 1.5 
ppm in a public water supply are considered undesirable. Surface waters 
having a dissolved oxygen content of less than 5 ppm are considered by 
many authorities as unsatisfactory for the propagation of game fish. 
These are only some of the effects that may take place. Whether or not 
they do, can be anticipated beforehand if the chemical quality is known. 
However, if a water supply is found to be unsatisfactory, it still may 
be usable if proper treatment is applied. Here, too, a knowledge of the 
chemical quality is a prerequisite for the selection of a suitable 
treatment process. 
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This report is the second in a series of reports on the 
chemical quality of water resources in New York State. The first 
report, CHEMICAL QUALITY OF WATER RESOURCES OF T..{E CONEWANGO CREEK 
BASIN by W. A. Beetem included data collected during a period of study, 
October 1951 to September 1952. This report incorporates data collected 
during 1953-1954 on chemical quality and temperature of the Allegheny, 
Chemung, and Susquehanna Rivers and their tributaries. Chemical data 
of selected ground waters in these river basins were also collected 
during the same period and are included in this report. Similar reports 
are planned for succeeding years based on investigations made in other 
areas throughout the State. 
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CHEMICAL AND PHYSICAL CHARACTERISTICS OF WA TER 


In order to define the chemical quality of water, quantitative 


analyses are made of selected physical and chemical characteristics. The 


results are then expressed in descriptive units and terms, which may not 


be familiar to everyone. Accordingly, some of these units and terms are 


discussed below. 


In this report, and generally in water practice, quantities of 


chemical constituents dissolved in water are reported in parts per mil- 


lion by weight. A part per million is a unit of weight in a million unit 


weights of water. In the metric system this would be one milligram in a 


liter of water, if the liter of water 'weighed one kilogram. For those 


accustomed to thinking in grains per gallon, results in parts per million 


can be converted to grains per U. S. gallon by dividing by 17. 
2. 


Hardness and its opposite, softness, are common characteristics 


of water. A literal interpretation of these terms is misleading. Physi- 


cally, a water is hard if excessive amounts of soap are required to form 


a lather and if a curd is deposited. In contrast, soft water forms a 
. 


lather readily. Chemically, hardness is caused for the most part by cal- 


cium and magnesium and to a lesser extent by other mineral salts in 


water. In terms of numerical values, a water supply having a hardness 


of 60 ppm or less is considered soft, that is it lathers easily and very 


little scum is formed. Between 61 and 120 ppm, more soap is consumed in 


the formation of a lather and an appreciable amount of scum is observed. 


Such a water is considered moderately hard. In a water having a hardness 


of 121 ppm or more the consumption of soap and formation of a curd is 


excessive. Such a water would be considered hard. 
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Another characteristic of water is its ability to conduct an 
electric current. The amount of current varies with the type and con- 
centration of chemical constituents in solution, their ability to 
conduct a current and movement in solution which is influenced directly 
by temperature. In water analysis, conductance is measured as specific 
conductance, that is the conductance per unit cross sectional area of 
solution. This is expressed in units of micromhos at a specified tem- 
perature, usually 25 0 C. This measurement does not reveal specific 
chemical constituents iD water but is helpful in estimating the total 
concentration of mineral matter in solution. A high specific conductance, 
for example 700 micromhos, indicates a large concentration of dissolved 
mineral matter, whereas a conductance such as 100- micromhos indicates 
a water comparatively low in mineral content. 
Acidity and alkalinity are general terms familiar to every- 
one. In wa
er, acidity, as measured on the pH scale, is caused by 
u
combined carbon dioxide, and/or the hydrolysis of salts of strong 
acids. Mine and industrial wastes are the usual sources of free mineral 
acids. Alkalinity, as used here, is caused by the presence of the bicar- 
bonate, carbonate, and hydroxyl ion. One of the end products of these 
chemical interactions is the formation of hydrogen-ion in solution. 
Numerically, such concentrations of hydrogen-ion are expressed as values 
of pH.. This. is the negative logari thm of the hydrogen-ion concentration 
in moles per Ii ter of solution. The range of the pH scale is from 0-14. 
Water having a pH value of 7 is considered neutral, that is neither 
acid nor alkaline. Values of pH above 7 indicate increasing alkalinity 
and below 7 increasing acidity. 
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Color in water is considered to be the visual effect due to 
material in solution in a clear sample. Color in water is determined 
indirectly by a comparison with color in a solution produced by se- 
lected chemical reagents. The numerical expression is in terms of the 
concentrations of these reagents. Generally, a number without any unit 
designation is used. A color value in water from 1-5 i.s almost imper- 
ceptible to the naked eye. From a color of 5 upward shades of straw 
yellow are observed. In highly colored waters of 50 and above, the 
color has the appearance of varying shades of brown. 
Oxygen consumed is an approximate measure of the amount of 
oxidizable material present in filtered and unfiltered samples of 
water but does not distinguish between organic and inorganic material. 
However, high values for oxygen consumed when considered in conjunction 
with other determinations will indicate the possible presence of large 
amounts of readily oxidizable organic material in water. 


MINERAL MATTER IN WATER 


Basically, water is composed of two parts of hydrogen and one 
part of oxygen. However, water in its passage from the atmosphere, over 
the earth's surface or percolating through the ground undergoes many 
changes in chemical character. First, it absorbs the gases of the 
atmosphere, such as oxygen, nitrogen, ammonia and carbon dioxide. These 
gases in solution, especially carbon dioxide, increase its solvent 
activity. Upon coming in contact with soils and rocks, water dissolves 
any soluble mineral matter present. Iron, calcium, magnesium, sodium, 
potassium, bicardonate, chloride, and sulfate are some of the chemical 
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elements leached from the mineral matter found in the soil mantle and 
rocks. The kinds and amounts of the various constituents determine the 
chemical quali ty of water. 
Listed in the following table are chemical constituents usually 
found in water, their occurrence, effects and user concerned. 


WATER TEMPERATURE 


Water is an excellent heat exchange medium. This property of 
water is used extensively in air-conditioning and for various other 
cooling purposes. Temperature is an indirect measure of the capacity 
of water to absorb heat. 
Generally, temperature of surface water varies more than that 
of ground water. In shallow streams, water 'temperatures will generally 
follow diurnal (day to day) changes in air temperatures. The mean 
monthly temperature of surface water is generally within a few degrees 
of the mean monthly air temperature when the air temperature is above 
t
e freezing point. In deep rivers there may be considerable variation 
between air and water temperatures, as well as temperature differentials 
from top to bottom. As the temperature of the top layers is lowered, 
they will sink to the bottom and will be replaced by warmer layers, 
This phenomenon occurs because as water becomes colder it becomes more 
dense. At approximately 4 0 C water reaches its maximum density. From 
4° to OOC water becomes lighter, and the bottom layer will again rise 
to the top. This turn-over or thermocline effect takes place in the 
spring and fall each year in streams, lakes, ponds, and reservoirs. 
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Water from these sources may vary in chemical and physical quality. 
Organic and precipitated mineral matter as well as sediment that has 
settled to the bottom may rise if there is sufficient turbulence. Many 
public water supplies have an increased amount of iron and manganese 
during these periods of turn-over. 


CHEMICAL QUAL ITY OF SUREACE WATERS IN NEW YORK STATE 


ALLEGHENY RIVER AT RED H OUSE 


Allegheny River has its origin in Potter County, Pennsylvania. 
Flowing westward, it crosses into McKean County, and near Port Allegheny 
the direction of flow becomes northwesterly towards the New York- 
Pennsylvania State line. About 3 miles south of portville, New York, 
the Allegheny River crosses into New York State. Traveling only about 
50' surface miles in New York State it passes through Salamanca apd Red 
House, then south again into Pennsylvania. At Red House, the Allegheny 
River drains an area of 1,690 square miles that includes many of the 
oil fields in northern Pennsylvania and southwestern New York. 
During the period of October 1953 to September 1954, water 
samples were collected daily from the Allegheny River at Red House, 
'New York, and analyzed. Results of chemical analyses of composite 
samples are given in table 2. 
The chemical quality of the Allegheny River at Red House was 
influenced by stream discharge, mineral composition of the area drained, 
oil wastes, and industrial pollution. 
During the period of December 1953 to June 1954, the concen- 
tration of dissolved mineral matter was less than during the periods of 
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October to November 1953 and July to September 1954. For the same periods, 


discharge was comparatively higher during the winter and spring months 


than during the summer and fall seasons. With increased discharge, con- 


centrations of dissolved mineral matter decreased. Mean monthly discharge 


data and dissolved solids during October 1953 to September 1954 are shown 
below: 


Period 


Mean Month h 
Discharge (cfs L- Dissolved Solids 
 


October, 1953 
November, 1953 
December, 1953 
January, 1954 
February, 1954 
March, 1954 
April, 1954 
May, 1954 
June, 1954 
July, 1954 
August, 1954 
September, 1954 


211 
753 
2,277 
2,495 
4, 162 
4" 884 
6,365 
3.356 
1,412 
307 
226 
210 


489 
412 
182 
207 
152 
119 
102 
166 
193 
409 
542 
599 


Daily specific conductance data (a measure of dissolved solids) 


as well as mean daily discharges are available for the periods. In fig. 


2 fluctuations of daily specific conductances and mean daily discharges 


during 1953-1954 are shown. Approximate concentrations of dissolved 


solids can be calculated by using a factor of 0.6 times specific con- 


ductance in micromhos. 


Preliminary analyses of water samples from the Allegheny River 


indicated that a large proportion of mineral matter was sodium chloride. 


Consequently, chloride analyses were made on all daily water samples to 
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determine the trend throughout the year. Here, too, there was consid- 
erable fluctuation with discharge. The chloride range extended from 12 
to 324 ppm (table 3). 
Daily chloride concentrations during the period October 1953 
to September 1954 are plotted in fig. 3. The upper range is especially 
significant because the utility of the water from the Allegheny River 
would be affected to some extent. A concentration of chloride exceeding 
250 ppm is not recommended in a source of public water supply. Even at 
concentrations less than 250 ppm, a salty taste might be imparted to 
the water. Generally, the higher concentrations of chloride in water 
would not impair its utility industrially or agricu
turally. 
During the same period, other anions were present in moderate 
amounts. Ranges for other anions are given below. 


Constituent Rang e (pp m ) 
Bicarbonate (HC0 3 ) 13 - 10'3 
'Sul fate ( S0 4) 13 - 54 
Fluoride (F) 0.0' - 0.3 
Nitrate (N0 3 ) 0.2 - 7.0 


Generally, these concentrations of the anions shown above 
would not affect the utility of the water from the Allegheny River for 
industrial and agricultural purposes. As a source of public water supply, 
of course, other factors would have to be considered. 
Of the cations, concentrations of sodium predominated. They 
ranged from a low 9.6 to a high of 126 ppm. On the other hand, there 
was very little variation in the concentrations of potassium. The maxi- 
mum determined was 2.8 ppm and the minimum was 0.5 ppm. 
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Iron, as was mentioned earlier, if present in concentrations 
exceeding 0.3 ppm will precipitate. This condition would be unsatis- 
factory if a water were used for industrial or public water supply pur- 
poses. Iron concentrations in water samples from the Allegheny River 
during 1953-1954 exceeded 0.3 ppm four times: 


October 1-10, 1953 
December 1-10, 1953 
June 21-30, 1954 
August 11-20, 1954 


Q
 
0.33 
0.34 
0.34 
0.36 


Hardness varied considerably throughout the year, and was 
caused primarily by the concentrations of calcium and to a lesser 
extent by magnesium. During low flow, the ratio of calcium to magne- 
sium was 6.1 and during the high flow 5.1. Fluctuations in hardness 
during 1953-1954 are shown in fig. 4. 
Water temperature of the Allegheny River followed a seasonal 
pattern. Temperatures fluctuated below the average of 54 0 F in November 
1953 until a minimum of 31 0 F was reached on December 19, 1953. There 
were several small rises, but these did not last very long. Generally, 
the water temperature remained well below the average throughout the 
period November 1953 to April 1954. Gradual rises in temperature took 
place towards the end of April and continued upward until a maximum of 
80 0 F was reached on July 14, 1954. Fluctuations in water temperature 
are shown in fig. 5. 
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Generally, on the basis of mineral content, the chemical 


quality of water from the Allegheny River at Red House was satisfactory 
t 
during the period December 1953 to May 1954. At other times throughout 


the year, when chloride and iron concentrations exceeded recommended 


limits, and when the water was hard, the water could be improved with 


proper treatment. 


QHEMUN Q RIVER AT CHEMUNG , NEW YORK 


Chemung River is formed just west of Corning, New York by the 


confluence of the Cohocton River flowing from the northwest and the Tioga 


River flowing from the south. Flowing in a southeasterly direction, it 


crosses the Pennsylvania-New York State line several times and finally 


joins the Susquehanna River south of Sayre, Pennsylvania. 


The river valley i.s broad and generally level. It is about 


800, feet above mean sea level and is surrounded on all sides by hill s 


varying in elevation from 900 to 1,800 feet above sea level. For the 


most part, the'se slope gently to the ri ver valley. Only in a few places 


do hills rise abruptly from the river's edge. Many small tributaries 


have their origin in the surrounding hills, flow into the valley and 


join the main stem. 


At Chemung, New York, Chemung River has a drainage area of 


approximately 2,530 square miles. Its chemical. quality is a composite 


of the Cohocton, Tioga, and Canisteo Rivers and many smaller tribu- 


taries. A daily sample of water was collected at this location during 


October 1953 to September 1954 in order to define the chemical quality 


of river water. Chemical analyses of composite samples for periods shown 


are given in table 5. 
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The water temperature of the Chemung River formed a complete 
cycle about the average throughout the period October 1953 to September 
1954. The average for the year was 52 0 F. Starting early in November 
1953, water temperatures dropped erratically below the average until 
the freezing point of water was reached. During January, February and 
early March temperatures hovered about the freezing point. With the 
spring thaw a gradual rise in water temperature took place. Tempera- 
tures then remained above the average throughout late 'spring, summer 
and fall, reaching a maximum of 78 0 F on June 23, 1954. It will be noted 
in figure 8 that water temperatures, with only few exceptions, were below 
65 0 F for almost eight months of the year. 
Generally, on the basis of mineral content, the chemical qua- 
lity of the water from Chemung River was good. The concentrations of 
mineral matter did not exceed recommended concentrations established 
by the U. S. Fublic Health Service for inter-state carriers and gener- 
ally accepted as standards for public water supplies. During periods 
of low flow, increased concentrations of calcium and magnesium increased 
the hardness of the water (fig. 7). Iron occurred in appreciable quan- 
tities four times throughout the year and, at such times, would be 
troublesome. However, with suitable treatment, hardness and iron con- 
centrations can be reduced. 
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I RI BUTARIES IN IRE ALLEGHENY AND SUSQUEHANNA RIVER BA Q INS 


In addition to the chemical quality-of-water data at station 


sites, water samples were also collected from selected tributaries in 


the Alle
heny and Susquehanna River basins, the latter includin
 the 


Chemung River. Chemical analyses are given in table 7. Streams are 


segregated according to basins, and in each basin they are arranged 


in downstream order. Analyses shown are representative of the chemical 


quality of these streams during high and low ,flow periods. 


In the Allegheny River basin, a comparison of mineral con- 


centrations during high and low flow stages will show that greater 


changes in concentrations took place in the Oswayo, Dodge, and 


Tunungwant Creeks than in any of the other 'tributaries. The following 


sUITU11ary shows the ratio of dissolved solids during low flow to that 


during high flow for these streams. 


Ratio of dissolved solids 

.:L I 0 }:
L2ng_ h i glL fl ow_ 


Oswayo Creek at Mill 
Grove, New York 


2.,3 


Dodge Creek at Fortville, 
New York 


4.8 


Tunungw9nt Creek at Limestone, 
New York 


5.6 


During the same periods the ratio of dissolved solids during 


low and high flows for the Allegheny River at Red House was '3.2. The 


changes in mineral content were due, primarily, to increases or de- 


creases in chloride and calcium concentrations. 
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Susquehanna River and its many tributaries form an extensive 
network throughout central New York. Susquehanna River at Waverly drains 
an area of about 4,920 square miles. Its major tributary, Chemung River, 
has a drainage area of 2,530 square miles at Chemung. Since both of these 
locations are at the borderline between New York and Pennsylvania, total 
drainage area of Susquehanna River basin in New York State is about 7,450 
square miles. 
The chemical quality of the Susquehanna River fluctuated along 
the main stem starting near Colliersville and proceeding downstream to 
Waverly. 


Lo 
1 ion 
Susquehanna River at: 
Colliersville 
Conklin 
Near Waverly 


Dissolved Solids 
m ) 


108 ( April 23, 1953) 124 ( Aug. 18, 1953 ) 
68 (April 22, 1953) 93 ( Aug. 18, 1953) 
91 (April 23, 1953) 169 ( Aug. 18, 1953 ) 


These changes in concentrations of mineral matter in solution 
reflect, primarily, decreases and increases of concentrations of calcium 
bicarbonate. Along wi th changes in calcium concentrations, variations 
in hardness took place, because calcium is one of the chemical elements 
responsible for hardness. Other cations and anions were present in lesser 
and more uniform concentrations, but their presence did not materially 
affect the changes in dissolved mineral matter as noted above. 
However, iron, although relatively low in concentration in 
comparison with other cations, deserves special consideration because 
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of its effect. In water samples collected at Colliersville and Conklin, 
lower concentrations were noted than at Waverly. Here, during high and 
low flows, concentrations were 0.23 and 0.26 ppm, respectively. These 
concentrations could be troublesome if the wateJ' were used industrially 
as process water for canning, manufacture of fine paper and other 
sensitive processes. 
Similarily, comments made about the Susquehanna River would 
apply to its tributaries. Variations were noted in dissolved solids and 
hardness during periods of high and low flows. Again these changes re- 
flect increases and decreases in concentrations of calcium bicarbonate. 
Iron concentrations exceeding 0.3 ppm were present in water samples from 
Otselic River near Upper Lisle and Catatonk Creek at Candor during a 
period of low flow on August 18, 1953. 
It will be noted in reviewing table 7 (Canisteo River to 
Chemung River) that during the period of sampling, Chemung River and 
its tributaries, with few exceptions, contain larger concentrations of 
dissolved mineral matter than Susquehanna River and its tributaries. 
Qualitatively, the chemical composition is similar--primarily calcium 
bicarbonate. However, concentrations are greater and account for the 
over-all increase in mineral content. In addition, greater concentra- 
tions of magnesium are present. Because of higher concentrations of 
calcium and magnesium, surface waters in the Chemung River basin are 
harder, especially during low flow. Higher concentrations of iron were 
also more prevalent during periods of low flow. 
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CHEMICAL QUALITY OF (iROUND WATER 
IN THE 
ALLEGHENY AND QHEM1JNG RIVER BASINS 


A limited number of chemical analyses were made of ground 
waters in the Allegheny and Chemung River basins. The data are not 
based on a comprehensive study of the chemical quality of ground water 
resources in these basins, but only represent the chemical quality of 
some ground waters already in use and merely indicate the chemical 
quality that may be expected in the same areas. Eleven of the sources 
are for private use. Only one (No. 10, table 9) is owned by the town 
of Hinsdale, Cattaraugus County. 
Three of the water samples (Nos. 3, 9, & 10, table 8) were 
collected from wells in gravel deposits. Generally, the chemical compo- 
sitions were similar. The three waters contained moderate amounts of 
dissolved mineral matter. The average concentration of dissolved solids 
was 156 ppm. Average hardness due primarily to calcium was 120 ppm. 
Water from these sources would lather with difficulty and form an in- 
soluble curd. Other anions and cations, including iron and manganese, 
were not present in sufficient quantity to affect the utIlity of the 
wa te r . 


Only one analysis is available of ground water from sandstone. 
Generally, the chemical composition was similar to that of water from 
gravel deposits. However, in addition to calcium salts in solution, 
larger quantities of sodium bicarbonate were present. The iron concen- 
tration in the water sample (No.7, table 8) was 0.44 ppm, and the 
manganese concentration was 0.49 ppm. Water from this source would be 
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troublesome because iron and manganese compounds would precipitate 
from solution and give an unsightly appearance to laundry and porce- 
lain fixtures. 
Some differences in chemical composition were found in the 
three water samples collected from sandstone and shale. The average of 


dissolved solids for these analyses was 219 ppm. Water from all three 
sources was hard due, primarily, to calcium bicarbonate and to a lesser 
extent magnesium bi carbonate. Iron exceeded 0.30 ppm in two of the 


samples with a high of 0.76 ppm in a water sample from Chemung County 
(NO.2, table 8). Water from these sources would also be troublesome 
unless suitable treatment was applied. 
The chemical quality of waters from shale and siltstone dif- 
fered considerably. Dissolved solids in the four samples ranged from 
155 to '374 ppm. Generally, the chemical composition consisted, primarily, 
of calcium and bicarbonate with lesser amounts of sodium, sulfate, and 
chloride. Water from one well (No. 12, table 8, 9) northeast of portville 
was unusual ,in quality. Its chemical composition was mainly sodium bi- 
carbonate with very low concentrations of calcium and magnesium--2.6 and 
0.1 ppm, respectively. Water from this source was also very soft, having 
a hardness of 7 ppm whereas all other ground waters in this group were 
moderately hard or hard. Other anions and cations including iron and 
manganese were not present in sufficient quant.ity to affect the utility 
of the waters. 
Only one analysis of water from shale is reported here. The 
water from this source contained only moderate amounts of dissolved 
solids and was moderately hard. Iron concentration was 0.21 ppm and if 
present, alone, would not necessarily be troublesome. However, the 
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concentration of manganese was 0.14 ppm. Together, with concentrations 
of iron and manganese could become a problem requiring some form of 
treatment in order to make water from this source satisfactory. 
Chemical and some well data are given in tables 8 and 9. 
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Table 8 - MISCELLANEOUS GROUND WATER ANALYSES 


Analyses by Geological Survey, United States Department of the Interior 
(parts per million) 


H6H 
a 1 2 3 4 5 6 
Date of collection. . . . . . . . . . . . . . . 8/27/53 8/29/53 8/29/53 8/29/53 8/27/53 8/26/53 
Silica (SiOJ . . . . . . . . . . . . . . . . . . . · 9.6 8.8 7.8 10 11 6.7 
Iron (Fe), dissolved 1/. . . . . . . . . . .02 .00 .00 .00 .21 .00 
Iron (Fe), total................. .39 .76 .03 .09 .21 .19 
Manganese (Mn), dissolved 11 ... .02 .04 .00 .00 .08 .00 
Manganese (Mn), total .......... .03 .07 .02 .00 .14 .00 
Calcium (Ca) . . . . . . . . . . . . . . . . . . . 34 40 39 52 28 37 
Magnesium (Mg) . . . . . . . . . . . . . . . . 8.1 13 5.6 10 6.1 5.4 
Sodium (N a) . . . . . . . . . . . . . . . 0 . . . . 37 8.2 3.4 13 12 11 
Potassium (K) · · · · . · · · · · · · · · . · · . 2.8 .7 1.0 .2 1.3 .8 
Bicarbonate (HCO s ) .. . . . . . . . . . . · 226 166 119 198 121 144 
Carbonate (CO s ) ................ 0 0 0 0 0 0 
Sulfate (S04). . . . . . . . . . . . . . . . . · . · 1.0 34 24 39 18 20 
Chloride (Cl) . . . . . . . . . . . . . . . . . . . 17 1.8 1.9 .3 3.9 4.2 
Fluoride (F). · · · · · · · · · · · · · · · · · · · .1 .1 .0 .0 .2 .0 
Nitrate (NOs) . . . . . . . . . . . . · · . · · · · .2 2.1 5.0 .1 .2 .1 
Dissolved solids 
Sum . . . . . . . . . . . . . . . . . . . . . . . . 
Residue on evaporation 
at 180°C. . . . . . . . . . . . . . . . . . 232 199 161 226 145 155 
HardnesS as CaCO s . . . . . . . . . . . . . 118 154b 120 171 b 96 b 115 
Non-carbonate .............. 0 18 23 9 0 0 
Specific conductance 
93 
(micromhos at 25°C) . . . . . . . . . 330 261 355 234 272 
pH . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7.6 7.0 7.6 7.6 7.8 7.8 
Color 0 . . . . . . . . . . . . . . . . . . 0 . . . . 0 . 3 3 5 4 2 2 


lIIn solution at time of analysis. 
a Numbers refer to posi tj-on in Table 9. - -V1ELL DATA 
b Includes hardness of all polyvalent cations reported 
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Table 8 - MISCELLANEOUS GROUND WATER ANALYSEs--Continued 


3U31 
a 7 8 9 10 11 12 
Date of collection. . . . . . . . . . . > . . . 8/26/53 8/26/53 8/27/53 8/27/53 8/27/53 8/27/53 
Silica (SiOJ . . . . . . . . . . . . . . . . . . . . 6.1 6.4 7.8 5.8 9.8 7.5 
Iron (Fe), dissolved 1/. .. . . . . . . . .17 .00 .03 .00 .01 .04 
Iron (Fe), total................. .44 .11 .17 .05 .25 .13 
Manganese (Mn), dissolved 11 ... . ItS .01 .00 .01 .10 .01 
Manganese (Mn), total .......... .49 .02 .00 .01 .12 .02 
Calcium (Ca) . . . . . . . . . . . . . . . . . . . 36 39 41 40 30 2.6 
Magnesium (Mg) . . . . . . . . . . . . . . . . 4.5 5.0 2.9 6.3 19 .1 
Sodium (N a) . . . . . . . . . . . . . . . 0 . . . . 22 5.8 2.9 2.9 35 140 
Potassium (K) . . . . . . . . . . . . . . . . . . 1.7 1.5 .7 1.0 1.8 1.3 
Bicarbonate (HCO s ) .. . . . . . . . . . . . 185 125 115 124 214 256 
Carbonate (COS> ................ 0 0 0 0 0 15 
Sulfate (S04). . . . . . . . . . . . . . . · · · · · 1.2 24 19 26 29 27 
Chloride (Cl) .. .. . .. . .. . . .. .. . .. 8.9 2.1 2.2 1.3 19 41 
Fluoride (F). · · · · · · · · · · · · · · · · · · · .1 .1 .1 .0 .2 .5 
Nitrate (NOs) . . . . . . . . . . . · · · · · · · · .2 1.9 6.5 .8 .1 .2 
Dissolved solids 
Sum . . . . . . . . . . . . . . . . . . . . . . . . 
Residue on evaporation 176 
at 180°C . . . . . . . . . . . . . . . . . . 163 146 160 249 374 
Hardness as CaCO s . . . . . . . . . . . . . 110 119b 114 126 153 7 
Non-carbonate .............. 0 16 20 24 0 0 
Specific conductance 262 2$6 
(micromhos at 25°C) . . . . . . . . . 307 239 436 631 
pH . . . . . . . . . . . 0 . . . . . . « . . . . . . . . . 7.2 7.2 7.7 8.0 7.6 8.8 
C alar 0 . . . . . . . . . . . . . . . . . . . . . . . . . 5 3 3 3 3 3 


Analyses by Geological Survey, United States Department of the Interior 
(parts per million) 


1I1n solution at time of analysis. 
a Numbers refer to posi tion in Table 9. - WELL DATA 
b Includes hardness of all polyvalent cations reported 
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